Background
CHE Discussion Papers (DPs) began publication in 1983 as a means of making current research material more widely available to health economists and other potential users. So as to speed up the dissemination process, papers were originally published by CHE and distributed by post to a worldwide readership.
The CHE Research Paper series takes over that function and provides access to current research output via web-based publication, although hard copy will continue to be available (but subject to charge).
Introduction
As we enter a more resource constrained period there is a danger that across-the-board 'efficiency' savings may translate simply into commensurate reductions in the number of patients being treated or in the quality of care they receive. To guard against this, it is important to examine variations in productivity in different parts of the country so that efforts can be targeted to where most gains are to be made. In this report we compare productivity across the ten English Strategic Health Authorities (SHAs), by adapting the method developed to measure productivity for the NHS as a whole. The focus of the productivity analysis is on patients and organisations within geographical areas defined by SHA boundaries, rather than on SHAs themselves.
Productivity is measured for each SHA by comparing the total amount of health care 'output' provided for the SHA's resident population to the total amount of 'input' used to produce this output. Hence, we measure:
Output consists of all health care services provided to NHS patients in the acute and community care sectors. The output measure also takes account of quality by measuring differences across SHAs in hospital survival rates and health outcomes, and inpatient and outpatient waiting times. It has not been possible to account for primary care activity because of a lack of accurate data across SHAs.
Inputs include the staff, intermediate goods and services, and capital resources that contribute to the production of health care. The contribution of NHS staff is captured through the Workforce Census. The use of other health care inputs is assessed using the financial returns for all NHS organisations.
Before we address productivity measurement across SHAs, by way of context we first summarise productivity growth for the NHS as a whole.
The national picture
We have produced annual updates of the output, input and overall productivity series for the NHS as a whole. 1, 2 The full series now extends from 1998/9 to 2007/8, and is summarised in the figure below.  An index of output growth which measures changes in the number and quality of care of patients treated by the NHS across different settings, such as hospitals, outpatient departments, mental health care trusts and in primary care.  An index of input growth which measures changes in the volume of the various inputs used in the provision of care, including staff, drugs, clinical supplies, medical equipment, and buildings.  Productivity growth, calculated by comparing the ratio of output growth to input growth.
Between 1998/9 and 2003/4 there was strong input growth, particularly after 2000/1, averaging 5.5% a year. Recruitment increased, in part to satisfy the European Working Time Directive, and staff received new pay awards. There was greater investment in equipment and buildings.
Over the same period output growth lagged behind input growth. This is unsurprising. The EWTD placed limits on working hours, entailing reductions in the number of patients per doctor, and investments are not realised immediately. Even so, year-on-year increases in the number of patients treated meant that output growth averaged more than 3.8% per year up to 2003/4. The net effect, though, was slightly negative productivity growth between 1998/9 and 2003/4. This has since changed. NHS output has continued to rise, but at the faster rate of 5.7% a year. Not only are more patients being treated, but the quality of the care they receive has been improving. For example:
 Survival rates have been improving for patients admitted to hospital whether as electives or non-electives, as shown in Figure 2 .  Waiting times have been falling, both for outpatient appointments and for admission to hospital.  Figure 3 summarises the hospital waiting time at the 80th percentile, which provides an indication of 'excessive' waiting times, and for first outpatient appointments.
Figure 2 Survival rates thirty days after hospital discharge

Figure 3 Waiting times
The index of input growth suggests a slowdown in input growth since 2004/5, which has been increasing at a rate of 4.8% a year, compared to 5.5% previously. This slowdown is due to a levelling off in staff recruitment and reduced reliance on agency staff.
Since 2004/5 growth in inputs has been matched or slightly exceeded by growth in outputs, so recent NHS productivity growth has been slightly positive.
Our estimates differ from those of the Office for National Statistics, which estimates that productivity fell by 0.3% in 2007 and by 0.7% 2008. 3 The main reasons for the differences are that:
 The ONS measure of output is not comprehensive, capturing around 80% of activity. 4 In particular much community care activity is omitted, where growth has been above average. This biases the ONS productivity measure downwards.  The ONS measure of labour inputs does not account for the contribution of non-NHS (eg agency) staff. 5 There have been recent reductions in the use of non-NHS staff. Omitting their reducing contribution biases the ONS productivity measure downwards.  The ONS estimates of productivity for 2008 are based on projections based on the first quarter's data. The accuracy of these projections will not be established until the actual data are available.
Methods
This report focuses on comparing productivity across SHAs using data for a single year, 2007/8. The analysis forms a baseline against which future calculations of productivity growth can be made. The analytical task is in constructing comprehensive and accurate measures of the volumes of output and input. We follow the approach adopted in the construction of the national productivity index, adapting this for use in a cross-sectional context. In what follows we provide a brief description of the output and input measures. Technical details of these measures are provided in the appendix.
Measuring output
The volume of output includes all health care services provided to NHS patients resident in each SHA (with the exception of primary care services about which reliable data are unavailable). Of course, the NHS provides care to people with diverse needs and there are a great many different types of health services. It is necessary to take this diversity into account when measuring the total volume of healthcare output provided to the residents of each SHA. Put simply, measurement involves the following steps:
1. Categorisation of the diverse types of healthcare output. We use 6,551 output categories to reflect this diversity, including version 4 Healthcare Resource Groups to describe care provided in hospitals and the numerous categories used in the Reference Costs data to describe care provided in other settings. 2. Quantification of the number of patients in each output category in each SHA. This information is derived from the Hospital Episode Statistics and Reference Cost data. 3. A means of determining the relative 'value' of each output category, so that activity across all categories can be aggregated into a single measure of total output. We use national average costs to reflect the relative value of different health care services. This is consistent with the convention in the national accounts. 4. A means of allowing for differences in the quality of care across SHAs. Consistent with the national productivity measure, we account for differences in hospital survival rates and in inpatient and outpatient waiting times.
Total output will be higher than the national average in SHAs that have:
 Higher volumes of activity  More complex or costly activities  Higher rates of hospital survival  Lower inpatient and outpatient waiting times
Measuring input
Inputs into the health care system consist of:
 Labour, such as doctors, nurses, technicians and managers;  Intermediate goods and services, such as drugs and clinical supplies;  Capital, such as buildings and equipment with an asset life of more than a year.
We use Workforce Census data to assess the number of NHS staff working in each SHA using 417 staffing categories. A benchmark wage is used to weight staff of different types in order to construct a measure of total staffing input.
Details about staff, intermediate goods and services and capital are derived from the expenditure data from each NHS organisation in the ten SHAs. Expenditure on staff is adjusted for geographical differences in factor prices by applying the staff MFF to all non medical staff and the medical and dental MFF to medical and dental staff. 6 The medical and dental MFF adjustment is the same for the entire country apart from London. Capital expenditure is adjusted using an amalgam of the land and buildings MFF. Concerns about the 2007/8 MFF led to a revised formulation being used to calculate the 2008/9 MFF, and this is what we have used.
Healthcare organisations treat local residents as well as patients from other SHAs. This means that part of an organisation's expenditure will be devoted to patients resident in other SHAs. We allow for movement of patients across SHAs in constructing our measure of the total input devoted to the residents of each SHA. If there are proportionately more patients coming into the SHA for treatment than leaving the SHA for treatment elsewhere, the expenditure of those organisations in the SHA is adjusted downwards to reflect that their resources are not utilised solely by the resident population. We construct a 'migration factor' in order to allow for this movement of patients, identifying where hospital patients are treated from the Hospital Episode Statistics.
Total input will be lower than the national average in SHAs that:
 Employ fewer staff, whether NHS or agency  Employ relatively fewer staff in higher pay bands  Spend less on intermediate goods and services  Have lower levels of capital expenditure  Have a positive net flow of patients into the SHA
Measuring productivity
For a single year productivity is defined as the ratio of the volume of output produced to the volume of input utilised in the production process. We compare these ratios across the ten SHAs. The health service is more productive in those SHAs where the ratio of output to input is higher.
Productivity is measured as the ratio of output over input:
The value of this ratio has no inherent interpretation, being dependent on how the units of output and input are measured and scaled. To aid interpretation and comparison of productivity across SHAs, therefore, the output/input ratio for each SHA can be standardised against the average output/input ratio across SHAs, and converted into a percentage:
Thus if standardised productivity in SHA j is 10%, this means that productivity is 10% higher than the national average.
Data Outputs
Hospital episode statistics
The hospital episode statistics (HES) are the prime data source for identifying the provision of hospital (inpatient and day case) services to NHS patients. HES covers all medical and surgical specialities and includes private patients treated in NHS hospitals. In addition, HES captures hospital care funded by the NHS but provided by the private sector -although the quality of data from some private providers is poor. 7, 8 HES now comprises over 15 million patient records each year. Records are stored according to the financial year in which the period of care finished and each includes a number of data fields, containing demographic data (e.g. age, gender), waiting times, clinical information (e.g. diagnoses, procedures performed) and details of the hospital and specialty where the patient received treatment. We are also able to link HES data to death registry records, so deaths following discharge can be measured.
Each HES record is defined as a 'finished consultant episode', which is the time that a patient spends under the care of a single consultant. During their course of treatment a patient may be treated by more than one consultant and may be transferred to another hospital, with a new record being created each time this happens. To account for this we construct continuous inpatient spells (CIPS) which track patients when transferred between consultants and hospitals as part of their care pathway. 9, 10 We then count the number of patients (ie CIPS) in each HRG for each SHA.
The cost of each CIPS is calculated on the basis of the most expensive FCE within the CIPS, with costs for each HRG derived from the Reference Cost data. We then calculate the national average cost per patient in each HRG.
Reference Cost data
The Reference Costs capture data about activities conducted in mental health and community care settings, outpatient and accident and emergency departments, and diagnostic facilities. These activity data are reported in various ways, including attendances, contacts, bed days, and number of tests. By using costs to weight these diverse activities we are able to convert them into a common metric that permits aggregation.
Inputs
NHS Staff Data
Data on the number of NHS staff employed are taken from Workforce Census data provided by the NHS Information Centre. The Census data show headcounts and full time equivalents (FTEs) of staff employed in the NHS as at the 30th of September 2007. We use FTEs in our calculations of labour input.
Earnings data are taken from a database called iView again provided by the Information Centre. iView data contain earnings data by occupation for both medical and non medical staff employed in the NHS. The data are disaggregated by occupation code and SHA and report national average figures for each occupation. We map the Census and iView data together according to occupational code. We use the national average earnings for each occupational group to construct a wage index by which to aggregate the total number of FTEs across occupational codes into a measure of total NHS labour input in each SHA. Details are provided in Appendix 2.
Expenditure data
To assess the inputs used in producing health services for each SHA, we analyse financial data for all NHS providers, including acute hospitals, Foundation Trusts, mental health care and community trusts, and ambulance trusts; and for PCTs. We do not include expenditure on SHA headquarters because of difficulties in identifying costs reported in the SHA financial returns that are associated with national bodies hosted by some SHAs, such as NHS Direct and the Workforce Review Team, and because of apparent differences in accounting practices among SHAs.
The financial returns detail expenditure on both NHS and agency staff by broad categories of labour input, including medical, dental and nursing staff, scientific, therapeutic and technical staff, healthcare assistants, maintenance and works staff, ambulance staff, administrative and clerical staff, managers, and non-executive directors and chairs. As a sensitivity analysis we compare estimates of productivity when NHS labour is measured using Census data or expenditure data.
Intermediate inputs include drugs and gases, clinical supplies, catering, hotel services, uniforms, laundry, bedding, energy, establishment and premises costs. This category also includes purchases of health care from non-NHS bodies. This category accounts for the largest share of PCT expenditure, capturing care purchased from the voluntary sector and local authorities for older people and those with mental or physical disabilities, and acute care for NHS patients purchased from the private sector.
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The financial returns contain two forms of information about capital expenditure: current outlays on equipment and past expenditure reported as depreciation on assets. We make assumptions according to the asset in question about what proportion of current expenditure is employed in the current period.
Results
Outputs
As mentioned, there are many categories to describe health care output provided across and within different settings. The number of distinct categories employed in HES and the Reference Costs in each setting is reported in Table 1 . Note that during 2007/8, while the majority of HES activity was coded to v4 HRGs, some activity was coded using v3.5 HRGs. 
Hospital activity
The output of the hospital sector accounts for the number and type of patients treated, and the quality of their care. Table 2 shows the number of SHA residents treated in hospital on an elective or nonelective basis.
a Three sets of figures are presented for these two admission types. The first set, headed 'unadjusted activity', is a simple count of the number of patients, each defined as a Continuous Inpatient Spell (CIPS). The second set weights these numbers by the cost of the HRG to which each patient is allocated relative to a benchmark cost. Arbitrarily we have chosen £1,167 as the benchmark, this being the average cost of HES activity. The benchmark is used to establish the cost weights for all activities, including those provided to non-admitted patients.
As elective activity is generally less costly than the benchmark and to non-elective activity, the amount of cost weighted elective activity appears lower than the straightforward count of patients, while the opposite is true for non-elective activity. The extent to which the simple count and the weighted amounts of activity diverge varies across SHAs according to the particular composition of activity across each of the HRGs.
a These figures do not include treatments provided to patients receiving renal replacement therapy or suffering chronic kidney disease, this activity being omitted for the reasons explained in Appendix 3. The third set of figures scales output according to each patient's quality of care, captured by our measure of QALYs and waiting times, measured at the 80 th percentile of the distribution as is consistent with the national figures. Summaries of the constituent information for each SHA, derived from analysis of all HES records, are reported in Table 3 . Note that differences in life expectancy across SHAs are due solely to differences across SHAs in the age and gender composition of patients in each HRG. The formula for making the quality adjustment involves comparing each SHA's position relative to the national average for each particular HRG. The use of the national average means that the adjustment has virtually no impact on the overall 'volume' of output at national level but volumes in each SHA will be scaled up (down) if quality is higher (lower) than the national average. Deviations across SHAs from the national average 80 th percentile waiting times are shown in Figure 4 . For example, waiting times are higher than the national average in the South East Coast SHA so, all else equal, hospital 'output' in this SHA will appear lower if waiting times are accounted for than if output were merely a count of activity.
Figure 4 80
th percentile waiting times by SHA, difference from national average Figure 5 shows the deviation in 30-day survival rates from the national average for patients admitted on an elective basis, with survival rates being higher in the North West SHA and London SHA. Thus, all else equal, quality-adjusted output in these SHAs will appear higher than cost-weighted output. The deviation in survival rates for non-elective patients is shown in Figure 6 with rates in London SHA and South Central SHA better than elsewhere. b Consideration of survival effects, therefore, will raise the amount of non-elective output above cost-weighted counts of output for these two SHAs.
The combined impact of allowing for QALYs and waiting times in measuring elective output is reported in the third column of Table 2 while the impact of accounting for QALYs on the measure of non-elective output is reported in the final column of the same table. In general, the impact of allowing for quality is greater when considering elective activity than non-elective activity because survival rates are higher for elective patients and waiting times are also considered. The relative impact of the quality adjustment differs across SHAs according to the differential survival rates, life expectancy and waiting times experienced by their residents allocated to each HRG.
Mental health care
The numbers of patients receiving care for mental health problems in each SHA are reported in Table  4 . Activity is presented separately for patients admitted to hospital on an elective and a non-elective basis, and for care provided in non-hospital settings. The same quality adjustments as applied to other hospital patients are used to assess the quality of hospital care provided to mental health patients. While Reference Costs are reported for non-admitted mental health care patients, they are not reported for patients admitted to hospital but rather by bed days. This makes it difficult to determine the complexity of mental health care relative to other activities. To overcome this, in our baseline analysis we assume that the cost of a mental health CIPS is equivalent to the benchmark CIPS, ie £1,167. The implication here is that 'cost-weighted' activity is virtually equivalent to a straightforward count of patients with mental health problems. This is evident when comparing the 'activity' and 'cost weighted activity' columns for elective and non-elective patients. Note that cost-weighted activity is considerably lower than counts of activity for non-admitted patients, the reason being that the types of mental health care delivered outside hospital tend to be less costly than the types delivered in hospital.
If SHAs have a similar balance of inpatient mental health to all other activities, the above assumption about the cost of inpatient care will not alter comparisons of total output across SHAs. But the balance may well differ. To consider what effect this might have on SHA comparisons our second approach is to apply a cost of £15,095 to each inpatient mental health CIPS. This value is calculated by dividing the total spend on inpatient mental health care as reported in Reference Costs by the total number of mental health CIPS recorded in HES. Obviously, the impact will be to raise considerably the amount of cost-weighted activity above the straightforward counts of mental health activity and this is demonstrated by the figures reported in Table 5 . These figures are used in a sensitivity analysis of the measurement of total output for each SHA. 
A&E and outpatient attendances, diagnostic tests and hospital transport
As Table 1 shows, activity is reported in many diverse categories in the Reference Costs. Table 6 summarises this information for activity undertaken in four broad 'settings': A&E, diagnostic tests, the hospital transport scheme, and outpatients. The figures showing total activity give an inaccurate impression of the volume of output, simply because aggregation is across dissimilar types of service.
Weighting by costs allows for this diversity, so that a unit of cost weighted activity is comparable across different types of activity and across SHAs.
After weighting these activities by cost it is notable that the volumes of output are lower than the simple counts. This is because the costs of these services are weighted relative to the average cost of hospital activity (ie the benchmark of £1,167), and activities in the settings considered here are less costly than hospital care. So, for example, the 258m diagnostic tests conducted nationally are equivalent -in terms of cost -to 620k patients treated in hospital; and 69m outpatient attendances are equivalent to 5.7m patients treated in hospital. The ratios of simple counts of activity to costweighted output differ across SHAs according to the mix of activity across each of the various categories listed for the particular setting (see Table 1 ). Chemotherapy, radiotherapy, radiology, renal dialysis and specialist services
The volumes of activity involving chemotherapy, radiotherapy, radiology, renal dialysis and specialist services are reported in Table 7 . As for the types of services considered in the previous section, these services tend to be less costly than hospital activity, hence the lower volumes of cost weighted activity than the simple counts of activity. 
Community care, rehabilitation and other services
Finally the volumes of community care, rehabilitation and all other activities reported in Reference Costs are presented in Table 8 . These 'other' activities include such things as regular attendances at day care facilities, Hospital at Home, and audiological services. Again, activities in these settings tend to be less costly than hospital care. So, for instance, 85.5m patients seen in community care settings are equivalent, in terms of cost, to 3m patients treated in hospital. Total output by SHA Details about the total amount of output recorded in the Reference Costs are reported in Table 9 . The first column reports a crude count of activity, while the second weights activity by costs. The third column includes the quality adjustment, which has a minor impact as it applies only to waiting times for outpatient attendances. Finally, the amount of total output, adjusted for quality, by SHA is reported in Table 10 , remembering that data about primary care output is unavailable. The first column reports figures that aggregate elective and non-elective activity delivered in hospital settings, the second reproduces the final column of Table 9 , and the third column reports the total amount of quality adjusted output provided to the residents of each SHA. The final column reports quality-adjusted output when inpatient mental healthcare activity is 'valued' at a cost of £15,095 rather than the benchmark of £1,167. These figures are used in a sensitivity analysis of SHA productivity. 
Inputs
NHS staffing across SHAs
Information is available from the Workforce Census about the number of FTEs in each of 417 occupational groups for each NHS organisation in each SHA. In order to assess the total staffing complement in each SHA it is necessary to apply a weight to each occupational group so that staff of different types can be aggregated into a single index of labour input. These weights should reflect the differential productive input provided by doctors, nurses, technicians, and so on. As is conventional, the weights used here are based on relative earnings, the assumption being that wages reflect the marginal productivity of labour. We divide the earnings for each medical and non-medical occupational group by £76,000, in order to create the wage index, this benchmark being the average wage across medical staffing groups.
Summarised from the iView data, the average earnings for broad categories of NHS staff are reported in Table 11 . Within each category there will be various occupational groups, and a mix of junior and senior staff, this mix varying across categories. For instance, the apparently high average earnings enjoyed by pathologists and radiologists are due to more than 60% of these staff being on consultant grades. Taken as a whole, around 35% of medical staff are on consultant grades. Table 12 reports for each SHA the numbers of medical and non-medical FTEs and these numbers weighted by relative earnings. A more detailed breakdown of staffing according to broad staff categories is provided in Appendix 5. Note that, overall, the FTEs and weighted FTEs of medical staff are similar because of the use of average medical earnings as the benchmark wage. c There are slight differences across SHAs in the relationship between unweighted and weighted FTEs, which reflect the particular composition of medical staff across occupational groups in each SHA.
The use of average medical earnings as the benchmark wage means that the weighted numbers of non-medical staff are considerably lower than the numbers of unweighted FTEs, as shown in the third and fourth columns on Table 12 . The fifth and sixth columns of Table 12 report the total unweighted and weighted FTEs in each SHA. The data in this final column are used to measure the complement of NHS staff in each SHA in the calculation of input use. Expenditure by PCTs within each SHA is reported in Table 14 . Most striking is that expenditure on intermediate inputs averages around 50% of PCT expenditure, most of which is due to purchasing of healthcare from non-NHS bodies. As mentioned earlier, expenditure by organisations within an SHA is not spent solely on residents of the same SHA. Hence in comparing expenditure across SHAs we need to take account of the fact that patients are not always treated in their SHA of residence. The Hospital Episode Statistics allow us to identify where hospital patients are treated, and details are reported in Table 16 . The first column shows the number of SHA residents who receive hospital treatment, and the second reports the number of these who were treated in their SHA of residence. The third column reports the difference between these two numbers, these being those patients resident in the SHA who are treated in other SHAs. The fourth column reports the number of patients resident in other SHAs that come into the SHA for treatment.
Comparison of these two columns shows considerable variability among SHAs where patients are treated, with a great many more patients from elsewhere in the country coming to London hospitals for treatment than London residents going to hospitals elsewhere. In contrast, many residents in East Midlands travel to hospitals elsewhere, with relatively few residents of other SHAs coming to hospitals in the East Midlands for treatment.
The fifth column reports the 'migration factor', calculated as the outflow minus inflow of patients as a proportion of the total residents treated. The sixth column shows the total expenditure, adjusted for MFF, in each SHA. Hospital expenditure (reported in the first column of Table 15 ) is weighted by this factor and aggregated with expenditure in PCTs and SHAs, in order to calculate expenditure on inputs for each SHA's residents, scaled according to total national expenditure. The expenditure figures are reported in the final column of Table 16 .
Productivity
We calculate three measures of standardised productivity, in order to assess the sensitivity of the estimates to assumptions about the construction of the measures of output and input. Our baseline estimates use the figures for quality adjusted output reported in the third column of Table 10 . The input figures measure the contribution of NHS staff using Census data rather than expenditure data. This involves replacing reported expenditure on NHS staff with an equivalent figure based on weighted FTEs, but converted into monetary units. Expenditure data are used to measure the use of agency staff, intermediate inputs and capital. Both staffing levels and expenditure are adjusted by the migration factor.
The output and input figures used to construct baseline productivity are reported in Table 17 . This shows that productivity is highest in South West SHA, at 5.32% above the national average and lowest in the East Midlands where it is 6.57% below the national average. Our second set of productivity estimates explore the implications of applying a value of £15,095 rather than £1,167 to value mental health care provided in hospital. The resulting amounts of quality adjusted output are reported in the first column of Table 18 . This yields slightly different estimates of standardised productivity, shown in the final column. Our final sensitivity analysis measures inputs using the expenditure data reported in the final column of Table 16 . In essence, this means that the contribution of NHS staff is captured by expenditure rather than by FTEs. These estimates of inputs are reproduced in the second column of Table 19 and the resulting estimates of standardised productivity are reported in the third column. For the other SHAs, productivity estimates are not particularly sensitive to the choice of how to measure inputs. The sensitivity of productivity estimates to the choice of input index is probably because organisations receiving above average MFF allocations are constrained by national wage bargaining in the wages they offer. In effect, therefore, these organisations are using the additional monies received through MFF not so much to pay higher wages but rather to recruit more staff. 
Conclusions
We have measured productivity for each SHA by comparing the total amount of health care 'output' provided for the SHA's resident population to the total amount of 'input' used to produce this output. Output consists of all health care services provided to NHS patients in the acute and community care sectors. The output measure also takes account of quality improvements by measuring changes in hospital survival rates and health outcomes, and inpatient and outpatient waiting times. Inputs include the staff, intermediate goods and services, and capital resources that contribute to the production of health care. Inputs are adjusted for the market forces factor and we account for movement of patients between SHAs.
By linking together large scale and routinely collected datasets we produce and compare productivity estimates across the ten Strategic Health Authorities in England in 2007/08. We analyse data from Hospital Episode Statistics, the Reference Costs, Financial Returns, and workforce census. Data about patients seen in primary care are not available. Other than primary care, the data cover all patients treated by all organisations in each SHA.
Baseline productivity ratios across SHAs vary from 5% above to 6.5% below the national average. Productivity is highest in South West SHA and lowest in East Midlands, South Central, West Midlands and Yorkshire & the Humber SHAs. These positions are not sensitive to alternative formulations of the productivity index, even though the actual ratios are sensitive to how the input index is constructed.
If it were as productive as South West, East Midlands could deliver the current amount of hospital and community care for £4.7billion rather than the £5.3billion actually spent. If all parts of the country were as productive as the South West the NHS could cut expenditure by £3.2billion without reducing the number of patients treated.
The variation observed in productivity ratios across SHAs raises questions about the cause of these differences. The geographical variations in productivity are not due to differences in the types of patients treated; nor to differences in quality of care as captured by inpatient and outpatient waiting times and hospital survival rates; nor to regional differences in the prices that organisations pay for staff, buildings and capital. All of these are taken into account. Part of the explanation may lie in where patients seek treatment. 15% of patients who live in the East Midlands are treated in hospitals outside their own region. This is the case for only 2% patients living in the South West. Of the 2.4m patients treated in London, 12% are from other parts of the country. South West may also benefit from a more stable workforce, vacancy rates for non-medical staff being well below the national average. Lower productivity in the hospital and community sectors may be because more work is undertaken in primary care. The absence of comprehensive data about the activities undertaken in general practice makes it difficult to establish what GPs are doing in different parts of the country.
Future research intends to measure changes in productivity over time, to incorporate Patient Reported Outcome Measures, to extend the analysis to NHS providers, and to account for the contributions of the primary care sector.
 Firstly, we account for whether or not the patient survives treatment by measuring the 30-day post discharge survival rates for each output in each SHA, ܽ ௦ .
 Secondly, we measure the ratio of average health status before (ℎ ) and after (ℎ * ) treatment for each treatment, ݇ = ℎ ℎ * ൘ . For patients treated on an elective basis we assume that ݇ = 0.8, for non-electives we assume that ݇ = 0.4.  Thirdly, we capture the duration of treatment benefit by estimating the life expectancy associated with each output, js LE , by considering the age and gender profiles of patients having each treatment at in each SHA. ‫ݎ‬ ொ is the discount rate applied to future life years.
The final term in the above equation captures changes in waiting times for each output, ‫ݓ‬ ௦ , in recognition of the welfare loss associated with not being treated immediately. This formulation implies that the marginal disutility of waiting increases as the delay increases. 1 This is similar to charging interest on the cost of waiting, captured by the discount rate, ‫ݎ‬ ௪ . Waiting time is measured at the 80th percentile of the waiting time distribution for each type of treatment. This recognises that reductions in relatively long waiting times confer benefits on all patients by reducing the risk of having to face a very long wait.
Hats in the denominators indicate the national average value. This means that the quality adjustment applied to the outputs of each SHA is measured relative to the national average. In effect, output is scaled up (down) in those SHAs where quality is higher (lower) than the national average.
We also make a quality adjustment to outpatient attendances in recognition that patients experience increasing disutility the longer they have to wait for an outpatient appointment. As for hospital outputs, this involves scaling up outpatient activity in SHAs where waiting times are lower than the national average:
The specific form of this quality adjustment is as follows:
The mean outpatient waiting time in each SHA is used as a value for ‫ݓ‬ ௦ and ‫ܧܮ‬ ௨௧ captures the remaining life expectancy of someone attending the outpatient attendance, which is assumed to be 26 years.
Appendix 2: Specification of the input measure
Inputs into the health care system consist of labour, intermediate goods and services, and capital. The use of these 'factors of production' can be calculated directly or indirectly. A 'direct' measure of input can be calculated when data on the volume and price of inputs are available, as they are from the Workforce Census for NHS staff.
The direct measure aggregates the total number of full-time equivalent staff, weighted by their wages, in each SHA. This total labour input in each SHA amounts to:
Where ‫ݖ‬ is the volume of staff of type n and ‫ݓ‬ ഥ is an index of wages, with ‫ݓ‬ ഥ ൌ ‫ݓ‬ Ȁ‫ݓ‬ ෝ where ‫ݓ‬ is the national average wage for staff of type n and ‫ݓ‬ ෝ is an arbitrary benchmark wage. We have chosen £76,000 as the benchmark, this corresponding to the average earnings of doctors as reported in the iView data.
When information on the physical amount of input is lacking the alternative is to employ an indirect measurement approach that relies on expenditure data. At SHA level, this expenditure data can be built up from the financial returns and accounts of each of the organizations in the SHA. Hence, total SHA expenditure is:
Where p=1…P represents all the organizations within the SHA, namely hospital (and foundation) trusts, community and mental health trusts, ambulance trusts and PCTs. We provide a breakdown of expenditure according to broad categories of input: NHS staff, agency staff, intermediate inputs, and capital expenditure. Expenditure on primary care is omitted, recognizing that primary care outputs are not captured in the output measure.
To make valid comparisons of input use across SHAs using financial data we need to acknowledge that some of the reasons for expenditure differences are outside organizational control. The English Department of Health uses the Market Forces Factor (MFF) to take account of the differential prices of labour, buildings and land across the country. We adjust expenditure to allow for these differential costs when making comparisons across SHAs by applying the sub-indices of the MFF to expenditure on labour and capital inputs. Denote the staffing MFF in organisation p, to be applied to labour input as ߠ
. We apply the M&D MFF ߠ ெ to medical and dental staff and the Staff MFF ߠ ே ெ to all other labour inputs based on the proportions of these staff in each SHA such that ߠ ൌ ߚ ଵ௦ ߠ ெ ߚ ଶ௦ ߠ ே ெ and ߚ ଵ௦ ߚ ଶ௦ = 1.
We apply a weighted average of the buildings MFF ߠ ௗ and land MFF ߠ ௗ indices to capital inputs, such that ߠ ൌ ‫ݓ‬ ଵ ߠ ௗ ‫ݓ‬ ଶ ߠ ௗ and ‫ݓ‬ ଵ ‫ݓ‬ ଶ = 1. These weights are taken from the net book values of land and buildings for trusts and PCTs for the 2007/8 financial year. The MFF adjusted measure of SHA expenditure, then, is calculated as:
Where ‫ܧ‬ is expenditure on NHS labour, ‫ܧ‬ is expenditure on agency staff, ‫ܧ‬ is expenditure on capital, and ‫ܧ‬ ெ is expenditure on intermediate inputs.
Finally we take account of the fact that resources in each SHA are used both to treat residents of the SHA and residents of other SHAs. We calculate a 'migration factor' that measures the number of patients coming to the SHA for treatment net of those living in the SHA who are treated elsewhere as a proportion of the total number of SHA residents treated in hospital. If there are more patients coming to the SHA than leaving then ߪ ൏ ͳ. The expenditure of hospitals within the SHA is adjusted downwards to reflect the fact that their observed expenditure is higher than it would be if their resources were devoted solely to the care of the SHA's residents. This adjustment applies only to hospital expenditure, given that (i) the migration factor is based only on those moving for hospital care and (ii) patients are less likely to move for other health services. Thus we have:
Where hospitals are referenced p=1…f and all other organisations are referenced p=f+1…P.
The input index that substitutes expenditure on NHS staff with the direct measure of labour input requires that FTEs in each SHA are converted into monetary terms, so that they appear in the same metric as expenditure on other inputs. We calculate:
is national MFF adjusted expenditure on NHS staff working in hospitals and ∑ ܼ ୀଵ is national NHS staffing input in hospitals as calculated using the direct method.
For PCTs we calculate:
where the numerator is national MFF adjusted expenditure on NHS staff working in PCTs and the denominator is national PCT staffing input.
The mixed 'direct and indirect' index, is specified as:
